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Abstract 
Steel-concrete composite structures are structures that combine the advantages of both used materials. An advantage of 
such structures is their high bending resistance, which has a positive effect on the overall weight of the structure. The 
disadvantage could otherwise be a slightly complicated design of individual elements.  
 
The paper describes an experiment with two simply supported 6 m long steel-concrete composite beams loaded in their 
thirds. The each beam is made of standard steel rolled profile and concrete slab concreted into the transversally oriented 
trapezoidal metal sheet with rib height equal to 135 mm, although European standard restricts the rib height only to 80 mm 
for common use. The research is focused mainly on deflection of beam, whether partial or full shear connected and also 
deals with the possibility of modelling these structures using the finite elements method. The shear resistance of stud in 
narrow and wide concrete rib is investigated too. 
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1. Introduction 
The authors aim to verify the behavior of composite beams with structural parameters that exceed the limits 
specified in the currently valid standard EN 1994-1-1. The provided experiment was designed to verify the  
behavior of steel concrete beams with transversally oriented ribbed deck, with the rib height equal to 135 mm.   
The main goal is to explore what impact will have a total height of the waves on the beam deflection, since the 
earlier mentioned EN 1994-1-1, tells in its Article 7.3.1 (4).c, that the influence of slip between the steel beam 
and the transversally oriented ribbed concrete slab can be neglected, only when the rib height is smaller then 80 
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mm. To verify the influence of high (deformable) waves on the deflection, an experiment with two beams was 
provided. The beams differ in the number of studs and the steel sheet orientation. 
2. Experiment 
Both beams were 6 m long and on both ends simply supported. The width of concrete slab was 1,5 m, the rib 
height was 135 mm. The steel beam was made of hot rolled IPE 200 profile with the material grade S235; the 
material for slab was concrete grade C25/30. The shear connection was realized using steel shear bolts with the 
diameter of 19 mm and height of 175 mm welded through the metal sheet plate. Continuous layer of concrete 
over the trapezoidal sheet was 65 mm, so the total height of slab was 200 mm. By the Specimen No.1 was the 
steel sheet oriented with the wider wave down and therefore there was enough space for 4 studs in each wave. 
This arrangement accords to full shear connection in the meaning of EN 1994-1-1. The specimen No.2 had the 
sheet plate oriented reversely, this means with the narrower wave down, this allowed only 2 studs in each 
concrete rib. With this arrangement we reached only partial shear connection which can be characterised by the 
ratio η = N/Nf = 0,52 (where N is the number of studs actually welded to the beam, and Nf is the number of 
studs needed to achieve full shear connection). Both beams were gradually loaded in the thirds of span until the 
collapse. The experiment arrangement is shown at the Fig.1   
 
Material properties of concrete were determined from tests on cores taken after the experiment from places 
which were not damaged during the experiment. The average concrete cylindrical strength was fck=44.3MPa 
on both specimens and the elasticity modulus was determined to Ecm=35.5 GPa. After the experiment were 
taken samples from the intact parts of the steel beam for the tensile test of steel. The observed strength of steel 
was then fu = 480 MPa, yield strength of steel was 344 MPa and modulus of elasticity was Ea= 210 GPa. The 
material properties of shear studs were specified by manufacturer: ultimate strength fu=450 MPa, yield stress 
fy=350 MPa. All these material values were then used to calculate theoretical deflection and stresses in 
checked section of beams. 
 
Fig. 1. Experiment arrangement 
During the loading test following variables were measured on both beams:  
x The deflections in the thirds of span and in the mid-span,  
x The slip in the shear connection at the end of the beam 
x The displacement on the upper surface of the concrete against an independent external point. 
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x The strain at several cross-sections of the beam (in steel and concrete). The location of 
measurement is shown in the Fig. 1 
3. Specimen No.1 
As we mentioned earlier, the specimen No. 1 was oriented with the wider wave down and therefore there 
was space for 4 studs in each concrete rib. This arrangement exactly meets the requirements of EC4 for full 
shear connection if calculate with nominal material properties. After substitution the real material values the 
number of required studs for full shear connection have increased from 76 to 90 pieces. So the Specimen No.1 
was in fact partially shear connected beam with the equivalent shear connection ratio (η = N / Nf = 0.84, where 
N is the number of studs actually welded to the beam, and Nf is the number of studs needed to achieve full 
shear connection). The theoretical load bearing capacity of specimen No. 1 with real material values 
corresponds to two single loads (2xF) = 232 kN. This load has not been achieved during the experiment for the 
reason of capacity of testing equipment, however the behaviour of beam have been reported until the 
development of first crack in the beams rib, see Fig. 2a, and in the beams forehead, see Fig 2.b.  According to 
horizontal direction of crack can be deduced, that there was gradual separation of concrete slab from steel 
beam.   
 
 
 
 
 
 
 
 
 
 
Fig. 2. a) crack development in wave; b) crack development in forehead  
The measured data are displayed in the following figures. Fig. 3 compares the measured deflection with the 
deflection calculated in accordance with the EC (ie, rib deformation and slip between steel profile and concrete 
deck were neglected).  It can be seen that the measured deflection is always less than the calculated values. The 
Fig. 3b shows slip between the steel profile and the concrete slab measured at the last outer rib near by the 
beam's support. It is shown just slip on one side of the beam, since measurements on the other side of the beam 
failed. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. a) deflection at mid-span specimen No. 1; b) load – slip, specimen No. 1  
0
50
100
150
200
250
0 5 10 15 20 25
Deflection
[mm]
Load
[kN]
Deflection EC4
Measured deflection
0
50
100
150
200
250
0 0,05 0,1 0,15 0,2 0,25 0,3
Slip
[mm]
Load
[kN]
slip right
460   S. Thondel and J. Studnicka /  Procedia Engineering  40 ( 2012 )  457 – 462 
Following two figures shows the dependence of load and tension in the beam. The Fig. 4a shows stress in 
the concrete slab on the surface at mid-span and Fig. 4b show the tension in the bottom flange of steel section 
at the mid-span. The images show that the stress in the concrete did not approach its ultimate strength and 
tension in the steel was just below the yield point. 
 
 
Fig. 4. a) stress in concrete at mid-span specimen No. 1;   b) tension in steel at mid-span bottom flange specimen No. 1  
4. Specimen No. 2 
By the specimen No. 2 was the steel sheet oriented reversely, it means with the narrower wave down. There 
were only 2 studs in each concrete rib, so the total number of studs was 40 pieces. The beam was according the 
nominal material values designed as partially shear connected, after substituting the real material values have 
the shear connection ratio decreased  to  η = N / Nf = 0,22. This value does not meet the restrictions EN 1994-
1-1 and studs do not have enough rotation capacity to transfer the load between concrete slab and steel section.   
This can be demonstrated on the collapse of the beam, where has occured the separation of the concrete slab 
and the steel beam, see Fig. 5a.  On the Fig. 5b is shown the rupture of specimen's forehead due to the high 
deformation of studs.  The theoretical load bearing capacity of the of the beam for two point load was equal to 
2xF= 104 kN The experiment was stopped, when the load reached the value of 2xF = 127 kN, where after 
about a minute of this load, there was sharp increase of deformation and the beam has collapsed 
 
Fig. 5. a) stress in concrete at mid-span specimen 1; b) tension in steel at mid-span bottom flange specimen 1  
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The following figures clearly summarize the measured data. Fig. 6a is comparing the measured deflection 
with the calculated deflection. We can say that the theoretical deformation is less then the real one until the 
load reached the value of 2xF = 100 kN. We can assume that under this load there was a breach in the integrity 
of the gap between steel section and steel sheet. This breach can be seen also on Fig. 6b, which shows the slip 
between steel section and concrete slab. With values around 2xF=100 kN we can see the reduction of slip, what 
can be explained by the releasing of the metal sheet from the concrete slab and its partially returning to the 
original position.  From this figure we can also see that a breach of the beam occurred first on the right side of 
the beam. 
 
Fig. 6. a) deflection at mid-span specimen No. 2; b) load-slip specimen No. 2  
 
 The tension in the beam is shown in the next two figures. Fig. 7a shows the stress at the surface of concrete 
slab in the mid-span and the Fig. 7b shows the tension at the bottom flange of steel section. Again is possible to 
see that concrete and steel did not reached its ultimate strength/yield strength. 
 
 
Fig. 7. a) stress in concrete at mid-span specimen No. 2; b) tension in steel at mid-span bottom flange specimen No. 2 
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5. Summary 
From the mentioned results it can be assumed, that the limits mentioned in EN 1994-1-1 will be able to 
extend over the current valid limit of 80 mm of the rib height.  In the next phase of the research will be the 
experiment supplemented with a mathematical model, which should confirm the carried out experimental data. 
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